In this paper, we consider an oligopolistic model with conjectures concerning the price variations depending upon the agents' production increase or increase. By introducing the notion of an interior stable equilibrium, we analyze the behavior of groups of consumers with different consumption abilities. The proposed techniques allow us to make a qualitative description of dependence of the market price upon the active demand component.
Introduction
hen studying the oligopolistic market in the framework of the classical models [1] - [3] , besides the questions of an equilibrium existence and its computation, a lot of attention is usually paid to comparing the latter with the equilibrium in the perfect competition model. Recently [4] - [5] , both models were included in a united class of oligopoly models where the degree of influence on the whole situation by each agent is modeled by some special parameters (influence coefficients). If we set these influence coefficients in an exogenous way, then the demand structure does not affect the production regime, i.e. the dependence of output values upon the market price. Although a deformation of the demand curve leads to a variation of equilibrium, the possible modeling of the deformation influence in such models is limited. For example, it is difficult to trace a rapid (or even jump-like) variation of the market price, a stable price under the demand growth (within certain limits), and a series of other phenomena.
However, if one does not consider the influence coefficients as given beforehand but includes them in the definition of the equilibrium itself, together with the equilibrium price and production volumes, one obtains a possibility to simulate the above-mentioned effects. Such a notion of equilibrium was introduced in the paper by V.A. Bulavsky [6] . There, the influence coefficients are determined by a special verification procedure that checks their consistency. The procedure in [6] supposes that each agent can observe the variations of the aggregate production output as a response to his own output variations and thus estimate his influence. The choice of the aggregate production volume as the observed parameter was done due to the fact that the classical Cournot model was taken as the basis of the developed model. Nevertheless, one can assume that it is more natural to observe the market price instead of the aggregate output, and hence estimate each agent's influence upon the price. Such an approach is developed in paper [7] , which allowed to relax the conditions imposed on the demand function and keep on in essence only one of them, namely its being non-increasing when the price increases. A technical condition for the latter function of being piecewise smooth is also kept valid.
In such a framework in [7] , the equilibrium existence was established, and certain consequences of the demand structure variations were examined. Namely, two types of variations were illustrated. The first one is related to the fall down of consumption ability of one group of consumers with the consumption ability of another group of ___________________ Readers with comments or questions are encouraged to contact the author via email.
The aim of this article is to relax the conditions under which the latter behavior of the equilibrium price takes place, by permitting the cost functions to be piecewise quadratic, with possible breaks of their second derivatives (but not of their first derivatives).
In the next section, we first describe the mathematical model from [7] and then extend the techniques to the case of piecewise quadratic cost functions. The qualitative analysis of the behavior of the market price depending upon the active demand variations constitutes the last section. The proofs of the results are omitted due to the space restrictions, and they will be published eslewhere.
Model Specification
producers of a homogeneous good with the cost functions
, where i q is the output by producer i . Consumers demand is described by a demand function   p G , whose argument p is the price proposed by the producers. An active demand D is non-negative and does not depend upon the price. The demand function is assumed to be non-negative and non-increasing, and also continuously differentiable everywhere except for a finite number of points in which both the function   p G and its derivative   p ' G may be discontinuous.
Because of that, we denote properly by   p G the demand function's left limit at the point p, whereas the right limit we denote by   p g . It is straightforward that     p g p G 
at the continuity points while     p g p G  at the discontinuity ones. In the latter case,   p G can be treated as the potential market capacity, and   p g --as the lower limit of supply preventing the price growing up. We will reflect the equilibrium between the demand and supply for a given price p by the following pair of inequalities
(1)
We collect the above assumptions into the formal assumption below.
A1. The demand function is defined for prices     , p 0 being non-increasing and piecewise continuously differentiable one. At each of the finite number of discontinuity points there exist left-and right-hand limits of both the function itself (due to its monotonicity) and its derivative. Now we pay attention to cost functions which are supposed to be convex, continuously differentiable and having piecewise continuous second derivative. Producer i chooses its output volume i q so as to maximize its profit value
assuming that the choice may affect the price value p. The latter assumption could be defined by a conjectured dependence of the price p upon the output value i q . If so, the first order maximum condition to describe the equilibrium would have the form
Thus we see that to describe the agent's behavior, not the dependence of p upon i q itself but its derivative
We introduce the minus here in order to deal with positive values of i v . Of course, the conjectured dependence of p on i q must provide (at least local) concavity of the i -th agent's conjectured profit as a function of his output. Otherwise one cannot guarantee the profit to be maximized (but not minimized). As we suppose that the cost functions   i i q f are convex, then the concavity of the product i q p  will do. For instance, it is enough to assume the coefficient i v (called from now on as the i -th agent's influence coefficient) to be nonnegative and constant. Then the conjectured local dependence of the profit upon the production output i
Were the agents' conjectures about the model given exogenously like it was done in [4] - [5] , we would allow the values i v to be functions of i q and p. However, here we use the approach from the papers [6]- [7] where the conjecture parameters for an equilibrium are determined simultaneously with the price p and the output values i q by a special verification procedure. In the latter case, the influence coefficients are the scalar parameters determined only for the equilibrium. Onward, such an equilibrium is referred to as interior and is described by the parameter set
In order to present the verification procedure we need the second notion of equilibrium called exterior (cf. [7] ) with parameters i v given exogenously. 
if the market is balanced, i.e. condition (1) is satisfied, and for each i the maximum conditions (2) are valid.
Assumptions concerning the cost functions of the model participants are given below. 
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, except for a finite subset of points.
Example 1. The function defined below, being piecewise quadratic satisfies assumption A2: 
In what follows we are going to consider only the case when the participants set is constant independently from the values i v of the influence coefficients. To provide this, we make the following assumption. 
Let us close the graph of the demand function by connecting the discontinuity points
by a vertical line. Then we obtain a line L on the plane (p,G); from now on, we will call it the demand curve, as it comprises all the points (p,G) satisfying the inequalities    
On the vertical segments of this line it is convenient to set
. Under the above assumptions, the formulas of Theorem 1 can be rewritten uniformly as follows:
Therefore,
only for the equilibria associated with the corner points of the graph L.
Now we are ready to define an interior equilibrium. To do that, we first describe the procedure of verification of the influence coefficients i v as it was given in [6] -- [7] . Assume that we have an exterior equilibrium   n q , , q , p  1 that occurred for some n v , , v  1 and D. One of the producers, say k, temporarily changes his behavior by abstaining from maximization of the conjectured profit and making small fluxions around his equilibrium output volume k q . In mathematical terms it is tantamount to restricting the model agents to the subset k i  with the volume k q subtracted from the active demand. Variation of agent k production output is then reduced to the same absolute value variation (but to the opposite side) of the active demand
. If we consider these variations being infinitesimal, we assume that by observing the corresponding variations of the equilibrium price, agent k gets the left-side and right-side derivatives of the equilibrium price with respect to the active demand, i.e. his left-side and right-side influence coefficients. belongs to the smooth part of the graph L of the demand function, then these derivatives values coinside, and the consistent (verified) influence coefficient also must be equal to this value. However, if (p,G) is a corner point, then the coefficient k v is admitted as consistent if it lies between the left-side and right-side derivative values of the equilibrium price. Applying Theorem 1 or, which is the same, formula (3) to calculate the derivatives, one has to remember that agent k is temporarily outside the equilibrium model, hence one has to exclude the addendum with the number i=k. Having that in mind, we come to the following criterion. 
Consistency Criterion. At an exterior equilibrium
Here the values
Before we define the interior equilibrium we notice that when the equilibrium corresponds to a smooth point on the demand function graph then the numbers k r must be equal for all k. Only if it is a vertex, i.e. if
, the consistency criterion allows different values of k r . Such a fact could be considered as natural if the graph's breakpoints are admitted as being exact reflections of the modeled situation. However, if one treats the breakpoint as a convenient idealization of smooth curves with rapidly changing slops, one has to demand the equality of all k r as it were the case with the smooth approximation of the demand curve. That is why such a case is considered distinctly in the definition of the interior equilibrium below, as it was done in [7] . is an exterior equilibrium, and the consistency criterion is satisfied for all k. Furthermore, if all k r in (4) have the same value, then the interior equilibrium is called strong.
The following theorem is an extension of Theorem 2 in [7] . Theorem 2. Under assumptions A1, A2 and A3, there exists a strong interior equilibrium.
Demand Structure and Equilibrium
This section examines how variations of the demand structure affect the equilibrium price and the aggregate production output. We are mostly interested not in quantitative variations but the qualitative ones predicted by the above introduced model. Although Theorems 1 and 2 of the existence of equilibrium are valid in the more general case of piecewise quadratic cost functions, to understand the analysis better, we will first consider pure quadratic cost functions, as in [7] . However, the picture is even more complex if we want to restrict ourselves to the case of the optimal responses with consistent influence coefficients n , , , i , v i  2 1 
. Here the optimal response production functions need not being continuous, as the consistent influence coefficients use to change their values with respect to the intervals over which the agents' cost functions do not change their second derivative. We illustrate that by the following example. 
